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FOREWORD

This final report of the Orbital Transfer Vehicle (OTV) Concept Definition and
System Analysis Study was prepared by Boeing Aerospace Company for the National
Aeronauties and Space Administration's George C. Marshall Space Flight Center in
accordance with Contract NAS8-36107. The study was conducted under the direction of
the NASA OTV Study Manager, Mr. Donald Saxton and during the period from August
1984 to September 1986.

This final report is organized into the following nine documents:

VOL. I Executive Summary (Rev. A)

VOL. II OTV Concept Definition & Evaluation

Book 1 - Mission Analysis & System Requirements
Book 2 - Selected OTV Concept Definition - Phase I
Book 3 - Configuration and Subsystem Trade Studies
Book 4 - Operations and Propellant Logisties

VOL. III System & Program Trades

VOL. IV Space Station Accommodations

VOL. V  WBS & Dictionary

VOL. VI Cost Estimates

VOL. VII Integrated Technology Development Plan

VOL. VI Environmental Analysis

VOL. IX Implications of Alternate Mission Models and Launch Vehicles

The following personnel were key contributors during the conduct of the study in
the disciplines shown:

Study Manager E. Davis (Phase I-3rd and 4th Quarters and
Phase II)
D. Andrews (Phase [-1st and 2nd Quarters)

Mission & System Analysis J. Jordan, J. Hamilton

Configurations D. Parkman, W. Sanders, D. MacWhirter

Propulsion W. Patterson, L. Cooper, G. Schmidt

Structures M. Musgrove, L. Duvall, D. Christianson,
M. Wright

Thermal Control T. Flynn, R. Savage

Avionics D. Johnson, T. Moser, R.J. Gewin, D. Norvell
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Electrical Power R.J. Gewin

Mass Properties J. Cannon

Reliability J. Reh

Aerothermodynamics R. Savage, P. Keller
Aeroguidance J. Bradt

Aerodynamics S. Ferguson

Performance M. Martin

Launch Operations J. Hagen

Flight Operations J. Jordan, M. Martin

Propellant Logistics W. Patterson, L. Cooper, C. Wilkinson
Station Accommodations D. Eder, C. Wilkinson

Cost & Programmaties D. Hasstedt, J. Kuhn, W. Yukawa
Documentation Support ' T. Sanders, S. Becklund

For further information contact:

Don Saxton Eldon E. Davis

NASA MSFC/PF20 Boeing Aerospace Company. M/S 8C-59
MSFC, AL 35812 P.O. Box 3999

(205) 544-5035 Seattle, WA 98124-2499

(206) 773-6012
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1.0 INTRODUCTION

This section provides a description of the study in terms of background, objectives,
issues, organization of study and report, and the content of this specific volume.

Use of trade names, names of manufacturers, or recommendations in this report
does not constitute an official endorsement, either expressed or implied, by the National
Aeronauties and Space Administration.

And finally, it should be recognized that this study was conducted prior to the STS
safety review that resulted in an STS position of "no Centaur in Shuttle" and
subsequently an indication of no plans to accommodate a eryo OTV or OTV propellant
dump/vent. The implications of this decision are briefly addressed in section 2.2 of the
Volume I and also in Volume IX reporting the Phase II effort which had the OTV
launched by an unmanned cargo launch vehicle. A full assessment of a safety

compatible eryo OTV launched by the Shuttle will require analysis in a future study.

1.1 BACKGROUND

Access to GEO and earth escape capability is currently achieved through the use of
partially reusable and .expendable launch systems and expendable upper stages.
Projected mission requirements beyond the mid-1990's indicate durations and payload
characteristies in terms of mass and nature (manned missions) that will exceed the
capabilities of the existing dpper stage fleet. Equally important as the physical
shortfalls is the relatively high cost to the payload. Based on STS launch and existing
upper stages, the cost of delivering payloads to GEO range from $12,000 to $24,000 per
pound. ,

A signifiéant step in overcoming the above factors would be the development of a
new highly efficient upper stage. Numerous studies (ref. 1, 2, 3, 4) have been conducted
during the past decade concerning the definition of such a stage and its program. The
scope of these investigations have included a wide variety of system-level issues dealing
with reusability, the type of propulsion to be used, benefits of aeroassist, ground- and
space-basing, and impact of the launch system.

1.2 OBJECTIVES AND ISSUES

The overall objective of this study was to re-examine many of these same issues but
within the framework of the most recent projections in technology readiness, realization
that a space station is a firm national commitment, and a refinement in mission

projections out to 2010,
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During the nineteen-month technical effort the specific issues addressed were: .
a. What are the driving missions?

b. What are the preferred space-based OTV characteristies in terms of propulsion,
aeroassist, staging, and operability features? '

c. What are the preferred ground-based OTV characteristics in terms of delivery
mode, aeroassist, and ability to satisfy the most demanding missions?

d. How extensive are the orbital support systems in terms of propellant logistics and
space station accommodations?

e. Where should the OTV be based?
How cost effective is a reusable OTV program?

g. What are the implications of using advanced launch vehicles?

1.3 STUDY AND REPORT ORGANIZATION '

Accomplishment of the objectives and investigation of the issues was done
considering two basic combinations of mission models and launch systems. Phase [
concerned itself with a mission model having 145 OTV flights during the 1995-2010
timeframe (Revision 8 OTV mission model) and reiied solely on the Space Shuttle for
launching. Phase 2 considered a more ambitious model (Rev. 9) having 442 flights during
the same time frame as well as use of a large unmanned cargo launch vehicle and an .
advanced Space Shuttle (STS II). ‘

The study is reported in nine separate volumes. Volume I presents an overview of
the results and findings for the entire study. Volume II through VIII contains material
associated only with the Phase [ activity. Volume IX presents material unique to the
.Phase II activity. Phase [ involved five quarters of the technical effort and one quarter
was associated with the Phase II analyses.

1.4 DOCUMENT CONTENT
This document displays the Work Breakdown Structure (WBS) and describes the

program, phase, and hardware elements.
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2.0 WORK BREAKDOWN STRUCTURE

2.1 PROGRAM AND PHASE WBS |

The Work Breakdown Structure (WBS) for the overall Space Transportation System is
summarized in Figure 2.1~1, showing major program elements. The Space Transportation
System, as associated with the OTV program, consists of three major program elements:
STS/SDV Launch Systems, Orbital Transfer Vehicle, and Space Station Accommodations.
The WBS for these elements is shown in Figure 2.1-2. Each program element consists of
three phases: DDT & E, Production, and Operations. Each phase is further broken down
to major functions and subfunctions, as shown in Table 2.1-1. Subfunctions are at the
WBS level 4.

Cost estimates for the OTV program are presented in Volume VI

2.2 HARDWARE ELEMENT WBS

Each major program element consists of separate hardware elements. Table 2.2-1
ineludes the hardware element breakdown for the STS/SDV Launch System, Table 2.2-2
gives the breakdown of the Orbital Transfer Vehicle, and Table 2.2-3 gives the

breakdown for Space Station Accommodations.
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Figure 2.1-1. Space Transportation System WBS
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TABLE 2.1-1 TRANSPORTATION SYSTEM PHASE AND FUNCTIONAL WBS

SPACE
PHASE STATION
FUNCTION STS/SDV  OTV ACCOMM.
SUB-FUNCTION 1000- 2000- 3000-
DDT&E 1100 2100 3100
Program Management 1110 2110 3110
Engineering 1120 2120 3120
Systems Eng. & [nteg. 1121 2121 3121
Design & Development 1122 2122 3122
Software Eng. 1123 2123 3123
Manufacturing 1130 2130 3130
Tooling & STE 1131 - 2131 3131
Ground Test Hdware 1132 2132 3132
Flight Test Hdware 1133 2133 3133
Test 1140 2140 3140
Systems Test Operations 1141 - 2141 - 3141
Operations 1150 2150 3150
Operations Support 1151 2151 3151
Launch Support 1152 2152 3152
PRODUCTION 1200 2200 3200 .
Program Management 1210 2210 3210
Engineering 1220 2220 3220
Systems Eng. & Integ. 1221 2221 3221
Design & Development 1222 2222 3222
Manufacturing 1230 2230 3230
Tooling & Ste. 1231 2231 3231
Flight Hardware 1232 2232 3232
OPERATIONS 1300 2300 3300
Operations Support 1310 2310 3310
Program Support 1311 2311 3311
Spares Procurement 1312 2312 3312
Ground-Based Mission Cont. 1313 2313 3313
Space-Based Mission Cont. 1314 2314 3314
Launch Support 1320 2320 3320
Ground-Based Operations 1321 2321 3321
Space-Based Operations 1322 2322 3322
Propellant Operations 1323 2323 3323
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TABLE 2.2-1 STS/SDVHARDWARE ELEMENT WBS

HARDWARE ELEMENTS ELEMENT NO.
LAUNCH VEHICLE 01-00-00
Integration 01-01-00
Shuttle Vehicle System 01-02-00
Prop. Tanker System 01-03-00
Integration 01-03-01
Tanker 01-03-02
ASE 01-03-03
Handling Equipment - 01-03-04
Propellant Scavenging System 01-04-00
Aft Cargo Carrier System 01-05-00
FACILITIES , 02-00-00
Manufacturing 02-01-00
Test 02-02-00
Launch 02-03-00
Mission 02-04-00
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TABLE 2.2-2 ORBITAL TRANSFER VEHICLE HARDWARE ELEMENT WBS .
HARDWARE ELEMENTS ELEMENT NO.
ORBITAL TRANSFER VEHICLE 01-00-00

Vehiele Integration 01-01-00
Stage 1 01-02-00
Integration . 01-02-01
Structures 01-02-02
Propellant Tanks 01-02-03
Propulsion, Less Eng. 01-02-04
Main Engines 01-02-05
RCS 01-02-06
G, N, &C < 01-02-07
Commun. & Data Handling 01-02-08
Electric Power 01-02-09
Thermal Control 01-02-10
Aerobrake 01-02-11

GSE 01-02-12 .
ASE 01-02-13
Space Support Equipment 01-02-14
Propellants 01-02-15
Auxiliary Tanks 01-02-16
Stage 2 01-03-16
Space Support Equipment 01-04-00
P/L Clustering Str. 01-05-00
Interstage 01-06-00
Kits 01-07-00
GSE 01-08-00
Software 01-09-00
FACILITIES 02-00-00
Manufacturing 02-01-00
Test 02-02-00
Launch 02-03-00
Mission 02-04-00

Training 02-05-00 .
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TABLE 2.2-3 SPACE STATION ACCOMMODATIONS
HARDWARE ELEMENT WBS

HARDWARE ELEMENTS ELEMENT NO.
Space Station Additions and Modifications 01-00-00
Independent Platform 01-01-00
Station Modifications 01-02-00
Hangar System 02-00-00
OTV Hangar 02-01-00
Auxiliary Tank Hangar 02-02-00
Storage Provisions 02-03-00
Propellant Supply System 03-00-00
Fluid Storage and Transfer 03-01-00
Gas Storage and Transfer A 03-02-00
Handling Equipment 04-00-00
Service Equipment 05-00-00
Storage 06-00-00
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3.0 WBS DICTIONARY

3.1 PROGRAM AND PHASE DICTIONARY

‘Definitions for the top level WBS programs are presented in Table 3.1-1. Definitions
for DDT&E, production, and operations phases, with associated functions are given for
the OTV program in Tables 3.1-2 through 3.1-4. Phase and functional definitions for the
STS/SDV element and Space Station accommodations element are similar to those of the

OTV element.

3.2 HARDWARE ELEMENT DICTIONARY

Definitions for the hardware elements of the three major programs are presented in
Tables 3.2-1 through 3.2-3. Table 3.2-1 includes STS/SDV hardware elements. Table 3.2-
2 includes OTV hardware elements, and Table 3.2-3 includes Space Station accommoda-

tions hardware elements.

11



D180-29108-5

oM se ‘weadoad siyy jo uoiieiado pue ‘aanjosjnusw ‘8uiysal ‘yuawdoraaap
‘udisep Joj paainbaa suoiiounjgns pue  suollduny [[8  aJe  pIpnU|

‘weiBoag I[OIYsA JIJSuBL], [BUQIQ 3Y} JO 150D [BI0} 3y} O] SIBJaJ Sy

*1-%°¢ 2198} ul pauyyap
248 SJUOWA[d AJBMPJBH “H-1°¢ U3nodyl Z-1°¢ SI[qBl Ul IIIYIA JJSUBL],
[811q40 2Y} JOJ pauijap asoy} 0} JB[lWIS 3J8 SJUIWSI[3 [BUOIIDOUN] paainbay
‘weaBoad Sy} Y}IM PI}BIDOSSE SIUIWA[D dJBMpJBY [[B SB [[oM SB ‘weildoad
siy} Jo suojjesado pus ‘aanjomjnusw ‘3ulysal ‘yuawdofanap pus udisap
10} paainbaa suolounyqns pus suojjduny [[8 aJe papniouj ‘swei3oad a[d1YaA

POALIaP—2[11NYS JO/PUB [IINYS Y} UM PIIBIDOSSB §1S0D [[8 0} SI3Jad SIUL

*‘sjuaWa[d a48Mpaey 21J109ds S8 [[9M SB ‘suollduniqns
pue ‘suofjoun; ‘soseyd wei3oad Builuasaadal sJUdWIA 350D [IAI[ JaMO] Ojul
POpIAIPQNS JaYlanj S] JUSWI[d YdBy °SUOIIBPOWWODDY UO1IBIS ?o8dg pus
‘waishg I[OIYSA J3Jsuvd], [811QI0 9yl ‘waisAs youne] SIS 3yl jo uoyjsrado
pue ‘Buiysay ‘Ajquasse ‘uolieoliqej ‘yuawdoiaasp ‘udisap ayy Joj paainbaa
pBOYJ2A0 pueB ‘[BlIaIBWIOQE] [[B S| PIpPN[oU] ‘SIUdWI[d 192{oad Jofew a3ay}
Jo uoyjswwns ayy st 3 °ALO 3ul jo jaoddns pus youne| y}im pI}IBIOOSSE

weaBoad uopywjaodsuval aoeds 3yl JO 1500 [BIO) 3yl S UIWIR SIY

NOILLINIAdd

walsAg a9IYaA
Jajsuedj, (811940

swajsAg youne]
AQS/SLS

waisAg uonls

—jao0dsuBa], aoedg

NOILVNDISdd

SNOILINIZdd WALSAS NOILV.LUOdSNVYUL A0VdS [-1°€¢ 2l4BL

0002

0001

12

YAHdWAN NOLLONNA




D180-29108-5

*g-Z°¢ 2198} uj pauyap
248 SJUOWA[® SJBMPIBY ‘I[OIY3A JIjsuel], [BIAIOQ dU) J0) P3ULIIP asoy}
0} JB[IW|S dJ8 S}USWI[d [BUOIIdUN} pUB aseyd [V °*9[0I42A paseq-punosd
8 40 paseq-2ovds B S| }] J3Yjaym ‘uoliels s0o8dg 9y} 18 SIUAWI[D pIjvidoOSse
S11 pue I[IIYaA JIJsuvd} [B}IQJO UB Sui1BpowW WIoddB YIM PIIBIDOSSE SIU3WID
18 jo uonysaado pus ‘ainjovjnusw ‘3u1ysay ‘yuawdo[arap ‘ugisap ayy Buy SuO1}8POW WOIDY

-pn[oul ‘SuoiIBPOWWO0dd8 UoiiBls adeds AJO JO 150D [810} 34} 0} 519J3J SiU, uoi183g 998dg

*2-%°¢ 2198,
uj pauljep 9J8 SIUIWI[A dIVMPJBY puB P-1°¢ y8noayy z-1°¢ 2Iqel Ui pauijap
048 SJUSWAA [BUOIIDUNY [V °} UIIM DI)IBIOOSSB SIUIWI[A DIBMPJBY [[8 S8

NOILLINIAAd | : NOILLVNDISAd

(panujjuo)) SNOILINIAZd WALSAS NOILVLUOdSNVUL d0vdS 1-1°¢ dlqBL

000¢

YIEGWNNN NOLLONNA

13



D180-29108-5

This page intentionally left blank

14




D180-29108-5

*sa[a1yaA 153} Jo uoijonpoad Joj Kaussaoau
duijooy pus syuowidoanap d2tyan 3yl jdoddns o} Aaessadau Sa11i{I0B]
pue ‘yuawdinba punoJa8 (e jo uoijisinboe ayy apnoul §1S00 ‘SIUd WD AOIYIA
audoqais 2y} jo juswdofarap pus uBisop 03 uollpps u| ‘110333 Burisautdud
{8101 9y} Ojul SI0}O8B] YINS JAaY0 puv uswny ‘Kiajes ‘Ajfiqeuieiuisw
‘Ayiqeiaa Jo uoijeadajul Ayl uim Suofe ‘fulisap pue uoiljuijop waishs
83103 3y} azjwiido 0} pus $I08JIUL weaBosd pus fBuojjounj ‘reoishud (8
Jo Kyiiqeiedwod aJnsse o} siajaweaed [8O[UYDI) pajelad JO uojysadaju} 2y}

S| 140J}9 9U} U} Papnoul “PAZHIN S} UO[}1BN[BAD 'puB 153} ‘ud|sap ‘sisA[sus’

‘sisayuhs ‘uofyyuiiap Jo gsooosd aAllBI9Y} uy °sidjowesed aouswalojiad
paaisap ay) 3Bujssassod wajsAs [suoiysiado us ojul padu [euojjeiado us

urlojsusa} 0} 1103133 Supaaauidua pus dJ11Ud10S JO uoyjsodde ayy saafoAaul 3|

*papniouy
os[8 aJe juswajsusw wea3oad pue aaBM}JOs ‘sa(1I{108] ‘3uiaoauidua swaisks
‘3uiuiea) [puuossad ‘dutjooy, *ja0ddns auJoqais pus punoal pajeid0ss8 pue
sjuawa[e aJempasy Iysi|y ayy Jo 1sd) pus Suanjoeynuew ‘judwdojaAdp pus
ulisap ayl sy papniouf °asn suorjeaado J0j Apead aJe SUIWI[D 9[O1YaA 3y}
uaym Suipnjouod pus §31}1|A[108 UOLIULIap pus {enjdeouood ayy yim SBujuuidaq
a[o1yaA J9jsusd], [811GI0 2y3) do[aAap 03 1509 3y} sapnjoul JuaWard 150D SIUL

NOLLINIZdd

aseud aXN.Lad

0012

NOILVNOISZd

SNOILINIZdd TVNOLLONNA ASVHd d%14d T-1'e 414vlL

YAGWNN TYNOLLONNA

15



D180-29108-5

*818p Juiaa2uiBua wWalsAs pus SISA[BUB UMODPIUNOD
‘JUIWISSaSSB 2oUBWI0JIad [BOIUYDI) ‘JUSWISSASSB HSLI [BOIUYDII) .m&o;o._
udisep ‘Annqiiedwod 20vjaaul ‘uorieziwijdo waishs ‘uorjevadajuy ulisap
‘uBisop Asvujwiaad ‘sesAisue peojAed uoissiw ‘suofliuiyep sjudwaJainbaa
sapnjouj °‘suoijesado pus juswdorarap ‘uldisap 0} yowvoadde pajeadajuy us

19941p 0} AJessaoau sjuawaainbaa Suyiaauidua ayl aujap 03 1500 3yl st Sy,

*3uiasauidua
248M}JOS SB [[9M SB ‘S}[NSaJ 5159} Jo uoijsadajui pus sisA{eus Bupzsauidue
sapn[oul puv ‘SIOPUdA PUB SJ0}DBIIUODGNS SNOLIBA 3y} Juows juawdojanap
pue uBisop JO UOIIBUIPIOOD Y} SaA[OAul 1] °Buiisay puse uswdoanap

‘ugdisap jo jaoddns 103a1p ut st 18Y} 140JJ9 mc_._owz_m.:m Jo 1500 a3y} sapnouj

*juawadeusw 303foad
pug [8{d9}BW pUB SJI0}DBIIUOD JIYJO pue Jowoisnd 3y} yum Juiosjiaiuy
‘foajuod Jomodusw pue [BIOUBUL} ‘UO}BIUSWNDOOP weadoasd se sxysv} yons
sapn[ou] °uoljeJisiuiwps pue [odjuod ‘Buiuus[d wealdoid jo seatv Uy 140})d

pozi[BJjUaD S03108JIU0D 2wtad 3yl Yllm PaevIDOSSB SIS0 Yl 0] SIIJIY

NOILINIddd

uoj}sadajuj pus

Supisauidug walsAg 1212
©
Bupzsauiduy 0212
jusawadeusy
weidoad 0112
NOILLVNDISAd HAGWAN TYNOILONNA

(panuijuo)) SNOILINIdad 'TVNOILONNA dSvHd avlad ¢-1'¢ ATVl




D180-29108-5

*Saan}xij pue ayempasy 1533 W3y
pue punoad se [[om sv ‘Buiisay [eryul Suipnoul ‘ALO 2yl jo judwdojaAdp
pus uBisop 9y} J0j [BIJUISS? SWI}} [[8 SulInjoBInuBU JO 1SOO Y] SIPN{AU]

*suoyjviado jaoddns youne| pus 3591 10} 3IBM]JOS
S8 [[3M S8 ‘90BJI2]U} I[1INYS/ALO Pus ‘juswaldsusw BIBP ‘[013U0D ‘douBpind
Buipnioug ‘suoiyviado ALO Jo 3roddns ug azemijos dofaaap 0} umco_ ay3 siI sy,

*SJUaWId
asempaey jJo udBisop pus Aiqriedwod 2aoBJIsuUl JO SISA[BUB §8 [[9M
s8 ‘sj[nsad 153} Jo uojjeadajuy pus juawdo[anap 1s9) sapnouy 3] ‘weidoad
ALO 34} jo jaoddns uj saempasy 3y3ijj dofaaap pus uldisop 0} 1500 3y} s} siy],

*sajjaadoad
ssew pus sapysiBor ‘Kyages ‘Ajifigeirodsueay ‘Kypiqionpoad ‘Ajifiqeuisiujew
‘K31[1geI[aa ‘foajuod Kyfenb 303 sasfjeue pus sus[d weadoad jo juowdoraAap
sapnjoug os|y ‘sueid [oajuod aoejiaju; pus susid 3uiyeiado jurof ‘syuswmndo(q
[041U0) 20BJJIAIU] JO UOIIUIJIJ °SOIOU3ZB JUdWUJIIAO3 pUB S10}DBJIIUOCD
yiMm s)sB} doejaajul Suizeauidus walsAsaajuy 0029.__ S31}1A1108 uo11BI33ju]

NOILINIdAad

Buaniosjnue 0812
Aupisauiluy aaemijog 1 XA %A
juawdojaaaqg
pus udisa(g cele
NOILLVNDISdd YAWNN TYNOILONNJ

(panuiuo)) SNOILINIZAA TVNOILONNA ASVHd AXRLAA 2-°1°¢ A'THVL

17



D180-29108-5

*yuawdinba
ja0oddns suaoqaie pue syuej doip ‘a[oIyaA youns| S8 yons wwvi3oad 31591

14311 2y} Joj paainbaa sarorlde 3591 [[8 JO 1509 JulanjdevjnUBW 3Y) SIPNjoU]

*aJay papn[oxa pus suoijsiadQ 3s3], punodn
yuM papnioug aq o) aJs sased pus sjue[adoad *s314 1593 asodand [vioads ate
s8 ‘s1s00 juawdofonap pus udisap a1yl YiiM papn[ou} a8 Inq JUdWI3 SIY}
woaj papnioxa aJ4e uofysdyijenb pue 3s9) waishsqns Joj diBMpIBYy pue sdn
-)}OoOW °Buj)sa) swaishs (|8 pus Buiysay uoyysadajug wa3sAs uoisindoad ‘sy1say
woaishs sojuoias ‘S8ui}sa) dlwsuAp/[BINIONIIS JOJ PIpI3U SIUWI[3 IIIYIA

a19idwoo pus swaishsqns a[21YyaA Jofsw 3upanjosjnusw Jo 1500 9y} sapnjouj

‘su3ajyed pue saysidwal Jo uotysaedaad
pus ‘sjued BSuyosw Ppa[[oIju0d A[[EdLIDWINU  JO] sode} jo uopjsaedoad
pue Sujwweaoad ‘siapao 3ujoo} ([ 3ul[[0JIu0d pus Buiinpayos ‘spaodaa (00}
SBugurejuisw ‘suofyesado A|quiasss pus uo(}edLiqej jo Sutuusd ‘sjuawaainbaa
{00} JO UOI}BUIWIIAIAP BY} JOJ SISOD SIPN[OU] "I[IIYIA JIIJSuB4], [831QI0
oy} Jo aanjoejnuew ay} Supnp asn Joj judwdinba 3uipuey pus sa8ne3
‘swioj Joysew ‘saanixyy ‘sBif ‘saip ‘sjooy Ajquiasse SBuipnjouy judwdinba
1s9) [B1oads pue S{00} [[8 JO }JOMaJ puUB IDUBUIJUIBW ‘UOLIBIIJIpOwl pue
‘uoje(relisul ‘A|qQuiasse ‘uoljedlaqe] ‘u8isop ‘Quiuusid jo 31500 3y} s3apndou]

NOLLINIZdd

189, 3id

159, punodn

(2.LS)
juawdinby 3153,

[e1oadg pus

Buyjooy], 1e131Y]

€E1¢C

43 ¥4

18

1€12

NOILLVNDISAa

(penupuo)) SNOILINIAAd TVNOILONNA ASVHd ARLAA &-1°¢ d'14VL

YIHGWAN TYNOLLONN




D180-29108-5

*suojjaado youns[ yiim pa}eloosse
Kpyoaaip jou sarjiiosy pue juswdinba ‘sapoiyan ‘sjoo} Aue uiBjUIBW puB
ajeJado 03 paJinbad sa01AJ9s pus JogeB[ ‘[BLId}BW [[B S3Pn[oul }] °suojjysiado
1591 1yByj pue punodd ayy Aq paainbaa sayiAflOR  ja0ddns so1isi3og

pus ‘Bujuusid ‘aapyBaIsiuiwpe ‘3uigoauidul 3yl SIPN[OUl uonDUNIQNS SIY[,

*s3593 4311y 10 3Joddns youne| se [[am s8 ‘Buiysal Jydi} pue punoid [
10} jroddns uoyjezado ay} saA[oaul 3] °ALO 943 jo Buyisay pue ‘quswido[anap
pus ‘u8isep ay) jo 3jdoddns ur suofjesado (8 jJo 13IS0D 3y} SIPNAU]

*5159) U311J
pue ‘punodd uj pawnsuod s[vliaivw puv slyodaa ‘sisA{sue pus uoiiisinbowv
vlep ‘yroddns ‘jonpuod ‘Bujuusid [1819p 3y} Ipndul m:o_ﬁa._oao 1593 9y,
sasayjodAy Supaaauidua wayyuod pue visp 3ulidsuidua aanbow o3 assmpasy

adfjojoad Buisn s3591 juawdoianap Buiwaojsed Jo S1S00 Y} SIPNIdOUL

*159) 2y} waojiad o) Aaessadau
aJempasy 9y} S8 [[9M 68 suoijeiado 1S3) SOpPN[OU] °“IIIYIA JIJSUBL]

[81GIQ 3y} jo 51593 judwdo[aaap waishs Bujwaojaad Jo 1500 Ay} 0} sI3j3Y

NOILLINIZad

110ddng uopjeradQ

suotysaado

suolysaadQ 159,

159], waisAg

161¢

061¢

vz

0v1e

NOILLVNDISAd

(penupjuo)) SNOILLINIAZA TVNOILLONNA dSVHd dX%1Lad g-1°¢ A'14V.L

YAGWAN TVNOILONNA

19



D180-29108-5

20

*S9111A1198 A13A0034 pus
‘uoyyradajul ‘Buissaooad ‘Inoydayd pus A[quasse aouds pue punodd 3uipnioul
‘afeyoed juawdinbe J0 JOIYIA 153} B JO youne| dy) jroddns .3. paainbaa

$901AJ9S pUB JOQB[ }03JIpPUj PUB 1D9JIp AU} [[8 SIPN[duj uolldunIqns SIYL ja0ddng youns 72812

NOLLINIZAd NOILVNDISAd YAdWAN TYNOILLONNA

(penuiiuo)) SNOILINIZAd TVNOLLONNA ASVHd d%Ldd -1°¢ d'18V.L




D180-29108-5

*(buawaaoadwi jonpoad) sarliailoe 3uryzoddns ..u:uo puB s}|nsal 159} Jo
sisA{BuB Suidaauj3us ponuijuod Sapn[oul OS|Y °SIOPUIA puv S103dBJIIUOIGNS
yyim pue siseq [Bjudwlsedapaajur us U0 S3IIYALIOB  Bulanidosjnusw
SNOLIBA 3y} JO 20BJJ9jul 3Bupieauidua ay) SIA[OAU] *3uianidovjnusw

Jo oddns 31o2a1p up S 18y} 1J0jj@ Supeauilud Jo 1500 Yl SIPNAU]

*Sa111A1}08
juowadeusw wewadoad Jaylo puB UOIIBUIPIOOD ‘UO[IBIUIWNDOP ‘[OJIU0D
pus 3urzojjuow ‘3ugjadpnq ‘Buiinpayods ..mc__cca_n wwafoad sopniou] ‘wevidoad
uopjonpoad 9[oIYaA JajSuBJ} [BIIQJO [[BIBAO dY) JO [0JIUOD pUB UO}}DAIIP

(81190 B8 Buipiroad yYj}iM PIIBIDOSSB SISOD J0}0BIU0D duiad 01 SI9)OY

*papNIOXa SI 93] J0}IBIIUOD °*PBIYJIAC pUB [BII23BW ‘JOqB[ }03J1puy
pue 103JIp [[@ 9pN[dU} S1SOD UOIIONPOIJ °PIpN[oul OS[B 3Je jusuwddsusu
pue jJoddns AJessaoau [[B JO $1S00 ayJ, ‘popnidul aiv $133[} [vuofivaado ay}
yaoddns o3 paainbaa sjuawa[d SI[OIYIA JIJSuBI} [BIIQIO I[QBSNAI [[8 JO 53509
ay], °se218d youne [BuojlBiado pus uorjonpoad AIBSSI09U [[B I}BPOWWODIDE
0} AXLAQ Sunnp paainbow aae SBuijooy pus juawdinbs jroddns susoqais
‘quawdinba punoad ‘sapyiflos) ayl °sytun Y31y 1saiy Buipnoxa ‘aismpaisy
1y311; arqesnaJd sapnjoul 18y} weadoad ALO 8yl jJo uoilsod 18yl 0} SIdJaY

NOILLINIAdd

1doddng Supiaautduy

juswodvusy weadosd

aseyq uoijonpoad
NOLLVNDISZd

SNOILINIZ3d TVNOILLONNA d3SVHd NOILLONAOUd €-1°¢ d'1dV.L

0222

01¢ce

00¢¢

YAGWNN NOILONNA

21



D180-29108-5

*aJempaay 1doddns 3y3i(J [[e S8 [[9M S8
‘s90IASD 1SISSBOJDE ‘S}asyuel AJejjixne ‘sade}s a[21yaa 3uipnioul ‘aaBMmpJBy

a(oIyaA yBiy a[gesnad [[8 Sunjoejnusw JO 1500 3y} 0} SIS

*Sulanjoejnuvw 3[DIYaA Mau jo 1ioddns up papasu yJomad

pus uoljeoljipow ‘yuawadeidas ‘sousudjuisw 3ui[00} JO 150D Ay} SAPn(dU|

-papn[oui osfe sy yonpoad [BUlj 3y} JO 1S9} pus INONIYD ‘AIIud a[duis
® ojuj swajshsqns asay) Jo uojeiBajul 8y, °swdIsAsqns [04ju0d IpnIIe
pue uoisindoad ‘uoynquaisip pus Kjddns samod ‘sojuoirs ‘[0d1u0d [BWJAY}
§3JN10NJ}S Y} Ul dIBMPJIBY [[8 JO A[qUIISse pue o._:ucauzzae ay} apnout
fayj, °‘weadoad ALO 3yy jo aseyd suoijeaado ayj jsoddns 03 sarjjjuenb uy
s9883S 9[01y2A Mau JupnjdejnuvBw JO 150D Y} 0} J3J3I SIUIWI[D 1500 ISAY],

1

*3991) [8uojieaado ayy uj papnjouy aq
03 948 }8Y} 9[OIYIA JIJSUBJ} [811QIO Y} JO SI[D11a8 UoijBAISuowrap Judify aul

40 so[oIYaA 3593 yBiy Ajipow Ar218iadoadde pue 10adsuy 0} 150D 9Y) sapn[ou]

*3uj1s9] 90uB}d9008 AIBSS203U SB [[9M S8 ‘INOXIIYD PUB UO}IBIQI[BD
wasAs [[8 sapnjou] ‘wdisAs [suoijeaado ue ojul SWIsAsqns pus EIUBWI[D
aaempasy 3ujjquasse pue 3uijeadajul uj S313IA[ID8 J01DBIIUOD 3Y) O} SIJIY

NOILINIJdd

2aempasH g

3urjoo,, ulursisng

Bupanjosinusp

SUOI1BDLJIPOW

3[IUA AXY

189, pue
‘4noxoay) A|quassy
‘uo138a333U]

NOILVNDISdd

4344

|§344

22

0£2?

(4441

1222

(panufjuo)) SNOILINIAAA TVNOILONNA dSVHd NOLLONAOY¥d ¢&-1°¢ d'18V.L

YAGWAON NOILLONNA




D180-29108-5

-3uaoauidua Bujuieysns (§) pue faoddns
aAljBJiSiutwpe pus [Blousull (g) ¢s3ydLy Jo Burnpayos pus Sujuueid (2)
fjoa1u0o pus ‘aojuouw ‘3u}adpnq Suipniou; ‘yuswadBusw puv UOljBJISIUIWDE
weadoad (1) :s8 Swayl yons sapniouy 3| -oseyd suojjeaado ayj jo [013UOD pue

juowaSBuBW 2yl YIIM PIIBIOOSSB SIIIIAIIOB [[B SIPN[OUl UO(dUNIQNS SIYJ,

*suoi}8Jado younsj yjim paieloosse A[323a1p
jou sap1o8) pus yuawdinba ‘sajoiysaa Aue upsjuisw pus ai1wvaado o3 paanbaa
$901AJ9S puB JoqQe[ ‘[BlI2}BW [[8 sapnjoui 3] ‘weadoad [suoiyeiado ayy
£q paainbaa saalloe jaoddns sofysidor pue forjuod ‘Bujuusid juswadsusu

uoijeaisiuiwpe  ‘Buiresuidua  Bupureisns Ay} sapnioul  uoylduny Sy

*310ddng younery pus
1doddng suojjsaadQ °suoildounj Jofew om} ‘ojur papiap sy aseyd suoyysiado
ay], -saseyd uoponpold pue FRILAd 94y ul poonpoad pue padojaaap
juawrdinba pue s3fyi[1do8) ‘sa[OIYaA dY) ulBjulBW pue 9j8aado 03 paJsinbaa
51500 jue[jadoad pue ‘yuswald adJempasy Iqepuadxd ‘(saieds) s[BlI9IBW
‘Joqe[ 199Jipul pus 103Jip [[B8 Ssepnouy 3| °paoe[daa Jo ‘weaload ay)
JO uojjeanp a3y} Joj uoijipuod Buiieiado us uj paujBluiBW S| pue uotisiado
ojur Ind sy jonpoad paysiuiy ayl a[ko 3 ayl jo uofidod siyy uj *wey13oad

3[9IyaA JaJsuvd], [83QIQ 2y} jo popiad [Buojjviado ay) sian0d aseyd syl

NOILINIZdd

11oddng weadodq 11€2
ja0ddng suogjsaadQ 01€2
suoj}81ado 00¢€7
NOILVNDISdd HA9NWNN
TVNOILLONNA

NOILINIAAd TVNOILONNA ASVHd SNOLLVYAdO ¥-1°¢ A'THV.L

23



D180-29108-5

pue

-3a0ddng suorieaadQ ‘g1gz uorouny jo jaed se pausijdwooos si (siusjjadoad

pue KJI3A0094

pus sjaed aseds) s(elId1BW Jo uolisinboe ayj, salllAl0B judUWIYSIQIN}ad
‘uorjeaBojur ‘Buissadosd “Inoyoayd pus A[quasse paseq
aoeds pue paseq punodd 3uipnjoul A LO ue jo youne| 3y} jaoddns o3 paainbaa

S20IAJ9S puB Joqe| }03JIpUl PuB 1D3JP By} [[8 SIPN[dUL uopduUN} SIYY, 1doddng youne]

-sisA[BuB 818p pus Buissao0ad BIBP ‘SUOIIBOIUNWWOD A1jdWA[d) [OIJU0D

Aljawagay

/20oUBUIUBWI  APN[OU]

‘parnpayosun

WBi se s911jA1}08 yons sepniouy 3| ‘uoilisinboe afdIyaA pue uoj1ardwod
uoissiw y3noay) 3seI[d ADIYIA WoJj SupoBa} PuB [04IUCD ‘pUBWIWOD [odyu0)

uojjels 208dS UYIIM POIBIDOSSB SIIIIAIIDE ({8 SOPN[dU| UOLIDUNQNS SIYJL  UOISSIW PIseq aoedg

*sisA{eus 818p pus Buissadoad B1BP ‘sUOIIBITUNWWOD

481y sv suojlduny yons  sapniouj ‘uanial
pus uorarduwiod uorssjw ySnoayl youne| 3[IYaA woay 3upjosd) pusv [04IU0D [043u0)

‘pUBWIWOD PuNoid Y}M PIIBII0SSE SIIIIAIIDB ([ SIPN[IU| UO{IDUNIQNS SIY, UOISSIN PIsed punoly

*swa}l dIsmpasy ajqepuadxa ay} jo §1s0D uawaandoxd
pus pa[Npayds Yjoq ‘[NBYJAA0 pus  IduBUIUIBW
ALO Jo 130oddns up syools aseds [enul ysiuajdaa o} paonpoad syusuodwiod

pue sjued aaeds jo )00 9y} sepnoul 1|  °SISOD JOQB[ JUdWIYSIGINJaL

jou saop 1 -asgyd [euoyjBaado ayy 3Bupnp

sjue[jadoad pus ‘sjuawald aJempiey 3[qepuadxa ‘syaed aieds jo 3Bupjools

pue uoisinboe 2y} Y}iM PIIBIDOSSB SII}JAIIOR [[B SIPN[DU} UOLDdUNIQNS SIYL, IUSWIIND0I4 saJedg

NOILLINIZad NOILLVNDISdd
LNANWAT LSOO

(penuijuo)) NOILINIAAA TVNOLLONNA dSVHd SNOLLVYAdO v-1°¢ d'T4V.L

02€e

vige

24

EIET

(48 X4

YI9NNN
TVNOILONNA




D180-29108-5

*1x0ddng suoijeaadQ ‘g1z uoilounj jo jaed se paysi{dwodos si
sase3 pus sjus([adoad ayy jo uoiisinboe ayy, .m._ov__cs juggiadoad punoasuany
puB ss3004d 0} S32[AIIS puBv JoqB[ IY) Sapnidul 3| °ALO 2u} 03 jutod K1aAiap
s Jaanjogjnuew ay} wodj ALO 3yl Aq pasn sased pus sjug[{odoad Buijpusy

pue Buijdodsued) Y}IM PI}BIDOSSB SIIIA[IOB [[B SIPN[OUI UOJIDUNIQNS SIYL

*j10ddng suo13siadQ ‘01€2
uojiouny jo jaed se paysiidwoooe sy jJoddns soyisiBo; ayj jo uoylisinboe
Yyl ‘uoj1v}s aoeds ay} o} jioddns soyisido; pus smaid Bujjaodsusay
Jo 1500 3yj) Buipniouj s1s0d uol}sliodsusd) pus SIIIAIIS ‘doge[ Judwysiq
-dnjald/aduBuajuiew sapnjoul 3] °suoi}viado aduvuIUIBW pUB JUIWYS|QINIII
I8 sapnoul 3] °[oJjuod uoissiw uipnoxa adwds uj I[DIYIA J3jSuBd) [8IIQIO

ue jo uor}vaado ay} Y}jM pPa}BIDOSSE SD[}IA[}O8 [[B S3pN{oul uo|dOUNIGNS SiY,],

*311s A13A0034 ® woJdj pus 03 juawdinba
pus uaw Jo uoijslrodsuea} pus suorjesado paseq punoid ayj jo juawadsusw
‘fouuosaad juaweosidaa jJo Sujuivay ayj sapnfoul )] *AJOA0DAIX I[OIYIA
puB ‘a[3Inyg ayjy oiul ALO 241 3uiyvaldajur ‘uoi}BIIJII9A 3DBJIDIUL ‘ALO Ul
JO 1n0X03yd puv A[quiasse punoldd :jJo saDIAJAS paseq punodd ayy Buipiroad

pue Supieaado Y}M PpajIBIOOSSB SI[}IAIIOB [[8 SIPN[OU; UOIIdUNIGNS SIY,

NOILLINIddd

suorjeradQ
jueqadoag

suojjeradQ
paseyg aoudg

suoliviadQ
paseg punodn

NOILVNDIS3ad
LNANWATE LSOO

(penuiiuo)) NOLLINIAAA TVNOILONNA dSVHd SNOILLVHAdO ¥-1°¢ d'18V.L

14444

¢3te

12€%

HIdgWNN
TVNOILONNA

25



D180-29108-5

This page intentionally left blank

26




D180-29108-5

-uotjeiado aouvds pue punoad yjoq
Joj uorjsjudwnaisui pue ‘Buiquinid ‘013U0D [BWIAYY ‘saanjonais Suipniout

‘a[o1yaA Jaxue)l jueffadoad ay) YIIM PaIBIDOSSB IBMPIBY ay} SI Juawafd siyL

‘53U WD WalsAs 13juB)

jusfjedoad ayy jo uolleidajul Yiim paleloosse juawdinba ({8 0} sI19jad SiulL

*saaeds pus ‘yuawdinba Buipusy punoa3 pug a08ds ‘gEV ‘daquse)

Suipnpoui ‘1axjue) jueadoad 9y} Yiim pIIBIIOSSB SIUSWI[2 0} §I3]3d sy,

*SJUdWA[d SUOI}BPOUW UI0DIB UOIIB]S 2ouds pu® A JLO J9pun 2J3YMas[d pauijap
30 .3u{1S{Xa J9Y}ld S| AIBMPIBY PI}BIDOSSY -A1ddns juefiodoad pue juawdinba
jioddns pajeiooss® §)] puv 3DIYIA J9jsued], [BUGIO ayl jo youne[ Joj

atoIuaA 2111nys Y3 jo uojjeaado YiIM PIIBIDOSSE SIUIWATD (18 0} s19Jad SiuJ,

*yuawdinba paje3i-ALO
pus ALO 92Ul YUM IIIYaA J31daed 08480 1J8 JO ‘D[DIUSA P3IAA{IBP-I[1INYS

‘313INYS ayy JO UoyIBI3AIUL UM PIIBIOOSSB SIUIAWIR (B 0} S49J31 SiUj,

*juawdinba ja0ddns pajeioosse s}§ pus wajsAs
ALO 24} JO yaune[ Joj II{YSA I31148D 08180 1J8 JO ‘B[OIYIA PIALIOP-3[IINYS
‘a133INYS 9y} YIIM pPIIBIDOSSB SILIUd 3y} JO [[8 0} §19J3J judWald S5

NOILLINIZAd

- 0001

Jaxgue],

uoy}Badaiuj

wa1SAg Ja)ue],
jus[radoad

walsAg
S[OIY3A 31INnuUs

uoisadalu]

a[oIYa A\ youne’]
NOILVNDISdd

SNOILINIAAd LNaWA'1d A4 VMAUVH AQS/SLS 1-%°¢ a14vil

20-£0-10

10-£0-10

00-£0-10

00-20-10

00-10-10

00-00-10
YAGWAN

27



D180-29108-5

*SJU WA PIIB[AI-ALO SB PaUlJIP SIUAWS[I dJ8 pIapn[oul JON °J311I8D
03180 1)8 3y} o} anbyun safyi1o8) pue judwdinba jioddns paiBIOOSSE ({8 puB
4914189 03180 3J8 3y} jo uoijviado pue ‘uopjonpoad “8uiisay ‘jusawdo[aAap
ay) sopnpouj 3] °judwdinba 3urjroddns pue ALO 24l JO youne[ Joj JAlJIBD

03180 138 3y} Jo uoijedado Iy} YiiM PIIBIDOSSB SJUIWA[A [[B O} SIIJAJ SIY],

-uojyviado S|yl Yyyim paleioosse sall([10o8] J0 dJBMpPIBY poseq-aoeds 10 punoa3
s [[om s8 ‘Buiduansos jusjjadoad Joj A[(BO1j10ads pasn I[OIYIA PIALIBP
-3[11NYs JO 3}INYS Y} U} dIBM}JOS puB dIBMPIBY [[8 SI PIpNIdU] *suoy}siado

fSuiBuansos jusqadoad yilM PIIBIDOSSB SIUBWA[d [[8 O} SIS

*3J8MPpJBY I[IIYIA Yyoune|
pJBpuB}S JO SUOI}BPOWWODD8 uol}B}s 998ds jo jaed se pauijap juawdinba
S| pepnjou; jJON °42yue} 3y} 3[pusy 03} pasn K[[8O}J199ds §40103)33 pue
‘saanjx|} ‘s[00} aJ8 Papn{au] °uoj}e}s aoeds of_ 18 pus punoJd3d ay) uo J3)us}

jusadoad ayj jo Sujpusy Joj paainbaa juawdinba [[8 0} S19J3d JUIWID SIY,

*udnjad pus youns[ Julanp aaxue) Iyl wo jJoddns J0) Aavssadau
uogjuawnaisuy pue ‘SBuiqunid ‘joJjuod [BWJIAYY ‘BJnjdndis sIpn[oul
3 9[OIY3A PIALIaP-IIINYS JO J[1INYS Y} ul Jayuel juejodoad ayy jo
110ddns Joj paainbaa juawdinba jaoddns auldoqaie 9y} 0} §43}2d JUIWI[d SIYL

NOILINIZdd

- 0001

waisAg J91aa8)

odis) IV

waishg 3uy

~Buaasog jusijadoag

juawdinby
Buypusy

ASV d9jue,
NOILVNDISAd

(penuijuo)) SNOILINIAAd LNAWATd d4VMAUVH AAS/SLS 1-3°¢ 4718VL

00-GS0-10

00-%0-10

¥0-£0-10

€0-€0-10
HAGWNAN

28




D180-29108-5

*3A31113J 0} YOunB[ Wodj ‘sjuawa(d
paje[ad pus ‘swiaishs DOV pus ‘BuiBuaneos jueffadoad ‘aasue} jueadoad ayy

Jo uorieiado pus [0J3u0D uolsSiw Joj paainbad S31[108B) [[B 0} SI9J3J SIYL

*sS9[11[108] Younse| pus uoi1Bidajuj SIPNOUL 3] °SI[QBWINSUOD PUB IIBMpJIBY
pajsed pus ‘swaisks DOV pue “‘Suiduaseos jus(jadoad ‘iojue} jue[fadoad

ay} Jo youns| 3y} o} anbiun pur pajejad saI}I[1I8] [[B 0} SI3JaJ JUIWI[I SIY],

*swa3sAs DOV pus ‘BuiBuaasos jue[[edodd ‘aaxue)
yueadoad ‘AQS/SLS JO SJUAWA[A PalB[aJd A LO Y} JO SjuUaWa[2d Jo suoyjeiado
15931 Y81} pue 39} punoild yioq J1oj SI[IDB} 1S3} SIPN[DU} JUDWI[I SIYY,

*swaishs DIV
pus ‘ButBuaasos jusjodoad ‘dayue) jue((adoad ‘AQS/SLS 2Y} jJo sjudwaR
PRI18[3J-ALO 23y} JoJ SaII0B} SulnjovjnuUBW SIPNJIUl JUAWI[d  SIY],

*juawad 103foad uoryvig 2o8dg 2y} uy papngous
aaw uo[iwig 2owvdg 9y} 38 SII}[108] [OJIUOD UOISS{W pue ‘youne| ‘Builsay
‘BuaniowjnuBw JOJ SI[I[DB] OpnN[oUl s3], ‘SWIISAs J31448D 03aBD B
pus “axjuej jusadoad ‘AdS/SLS 243} jo suoiysiado uoissiw pus ‘suofjesado
181y ‘suoriszado 31593 IyBi) 10j AiBSSad3u S3[3I[198] [[8 O} SIJAJ SIY]

NOLLINIZdd

- 0001

{0J3U0D) UOISSI

youneg

189,

Supanjovjnusp

sa1108y
NOILVNDISAd

(panupjuo)) SNOLLINIAAA LNANATA 4 VMAUVH AQS/SLS 1-¢°¢ A18V.L

00-v0-20

00-£0-20

00-20-¢0

00-10-20

00-00-20
HAdWNN

238



D180-29108-5

This page intentionally left blank

30




D180-29108-5

s8 [[9m sB ‘Suip[diys spIqap/plotoajaw  ‘aanjonays jroddns juswdinba
‘aanjonays aoejaajur  peojAed (uoisinoad SBupunow duiBua  Buipniout)
aanjonays Isnayy ‘aanjonais jdoddns Apoq Jo [[2ys Apoq 48 JUIWI[D
S{y) uy papniou] °uoi1oajodd a[d1yaA apiroad yoiym Jo ‘yuawdinba reaaydisad
pus ‘quawdinba jydify ‘sauiBua ‘syue} jus[adoad ayj pajunow 3JB Yd{ym uo

$91113Ud [BAIN}AONI}S Sujhiasd-peo Aaspuodas pus Aiewiad :a 0} SJ3jad Sy,

‘SJuUd W3

238315 ALO 2: Jo uopyeadajui yyim pajeroosse juawdinba [{8 03 saajaa sy,

. *sjusjadoad pus ‘ad1aap
1sissgodae ‘yuawdinbe jaoddns ausoqaie pus punoad se [[3M s8 ‘syus) pue
23v1s ay} YijM PIIBIOOSSE JBMPJBY [[8 sapnioul 3] °Aus J| ‘syuey Asejfjxne

puB 33®1s ALO 2U) Y}IM PI1B[O0SSE §21}11IUd 94} JO [[B 0O} §19J3d JUdIWA[D SIY],

*SjUaWa[d

waishs ALO 2y} Jo uoyisadajul yyim pajeioosss juswdinba [[8 03 s19jaJ Sy,

*ALO 2Y} jo uojssjiu J0 younef ‘1533 ‘Buranjovjnusw Yijm paleBloosse
s9131{108] apn[ouy jou §I0p Syl °-asemijos pue ‘quawdinbs jioddns punosd
‘sy ‘soBwisiajuy ‘asempasy jroddns peorhed ‘saleis oisiedas Buipniou}
‘ALO 24l Yl}IM PI31BJOOSSB SII}[IUd dY} JO [[8 O} SJ3J3aJ1 JUBWIP SIYL

NOILINIZdd

- 0002

§3Jan190418

uor}sadajuj

1 93e1g

uoy}8adajuj

waIsAs ALO

NOILVNDISZA

SNOILINIAAd LNAWATE ALO ¢-2°¢ 414Vl

20-20-10

10-20-10

00-20-10

00-10-10

00-00-10

YAdNNN LNAWITE

31



D180-29108-5

*R3039180
Surppusy ®18p 9Y} U] PIPN{dUl 3J8 SIIIAIP 3Bulsuds pus reuoyysindwod
‘uojjgiado auBua PpaJIsIP Y} YNM PIIBIDOSSE SUIS|UBYOIW (B S8 ELN
se ‘o[zzou pus ‘zaqueyd ‘sdwnd ‘saa[ea 3uipn{ouj ‘1039843uU0D aut3ud ayy

Aq papiroad se auidua uBw Ay} yitm pajeloosss SJUQUIA(2 [[8 O} SJ3JaJ SiYL,

*saujdud ujsw 3y}
jo uoiigaado YiIM PIIBIOOSSB SWSIUBYIAW pue ‘soA[eA ‘238)uB) jusanssaad
.wc_n:._:—m sapnouy 3} ‘suoisiaodd JOI[aJ/JUBA HuB) puB ‘[0IJU0D JOJIIA
1snay) auidua ‘uojiezianssaid juse) ‘suoisiaoad uisap pus dwnp/i113/p23}
Suipniouy ‘yroddns auilua uysw Joj paiinbaa swajisAsqns ay} 0} sId9)ad Syl

“s2anjonais
£poq ayy pus s)us) jusijadoad ayj uaamiaq 1doddus Banjondis apjaoad yopum
sinais jaoddns Aue se [[om s8 sjyus} adA) [8a8ajuj-uou Jo [8adajuy Bupnioul
a381S ALO 92U} Y}mM pajieioosse adejue] Iyl 03} SI9J3J JUIWIA SIYY,

*a3u1s
ALO 2U} Jo uojjeiado yjjm pajvioosse §308JI93UL [BI[IqWIN pUB SWSIUBYIIW

NOILINIZad

- 0003

auiduyg uiep

auiduy
sso] uoisindoad

sjuey, yus(jadoad

$0-20-10

¥0-20-10

€0-20-10

NOILLVNDISdd

(ponuiuo)) SNOLLINIAAd LNFWATd ALO T-2°¢ A'14V.L

YAWNN LNIWATE

32




D180-29198-5

‘sjuawaainbaa Jamod A LO 199w 03 Jamod Jo uoIINgLaISIpP puB UOISIIAUOD

Y1IM PI]BIOOSSB SJUAWI[I SB [[oM SB ‘90anos Jamod B sapn[oul JUaWI[A Sy,

*ALO 241 PJBOQE SUOI}|PUOD [BJUIWUOJIAUS Jojjuow 03 Aa3Indaio
pu® ‘si2onpsuBd) ‘SIosuas s [[9m se ‘sjuawad Buissaooad pus ‘Buiuoi}ipuod
‘Buipaodad  BIBP  ‘Syull SuolBOUNWWOD punodd  ‘1y8adddeds  J3Yj0
pus ‘uojielg aoedg ‘af3Inys 03 Sxyulf BIBP JaYlo Jo ‘[Bd11do ‘JY 918 papniou]
*saryifiqedsd [oajuod pus peuojleindwod pus ‘sorlifiqeded 1593-JI3§ I[O[Y2A

‘suoljBojunwwod 3oeds/punodld YiiM PIIBIDOSSB SJUAWI[D 0} SJIIFAT SIY,

*£1083180 3uipusy B}BpP 9y} U} papn[ou}
218 SIUAWI[I UOIIDUNJ [0JIUOCD 193J1p pue [BuollBIndWio) “JIANIUBWOIIB
us Suranp sv [[3M sB ‘3y3i[J uj I[OIYIA 3y} jo uoiye3iABu pus aduepind yjm

P2}1BID0SSB SUOI}DUN} doudIdjed awiad pus JOSUIS [[8 JOJ SIUDWI[D SIPN[OU]

*K1082180 3ujjpusy
818Bp 2y} Jo jaed 24w yoyym ‘sadiAdp [suol}eindwod [0JIU0D dJe pIapnidul
JON ‘walsAs [0J)}u0d UO[}OBAI 2Y} YIIM PIIBIDOSSB SIUdWI[@ JAYJO [[8 5B
[1oM s8 ‘swa}sAs paaj pus ‘uoilezianssaid ..mmSES ‘5191SNJy} 9J8 papnouj
*wajlsAS [0JIUOD UO[}0BAI B YJIM PIIBIDOSSB SIUIWA[d O} SIJaI SIY],

NOILINIAdd

- 0003

JaMod [BO14199[F

Buipusy ®vIBQ
pue Uuol}BIUNW WO

[odju0) pus

uoljediaeN ‘oouspinn

woalsAg
[031U0)) uoy}d8aY

NOILVNDISad

(panuriuo)) SNOILINIAAA LNAWATE ALO Z-2°¢ d'THVL

60-20-10

80-20-10

L0-20-10

90-20-10

YIHIWNAN LNAWITH

33



D180-29108-5

*§1500 S91}1[198] JO 148d SB PAJIIPISUOD
S| 3[OIYaA Ji8 pue juawdinba punoad jo 1S9} 3y} 0} UCWWod juawdinba 183,
‘juowa[d judwdinba jloddns punoad waishs pajeadajul 9y} ul papniout st
walsAs pa1eidajul 3yl JO SJUIWI[D J3Yl0 O} vowswod yuawdinby *suolyBaado
uoissiw J0 ‘suoijesado 31y ‘suoniesado 15931 u3iY Sunanp adeis ALO

ay} jo 3uijpusy 3yl ja0ddns 03 paJainbad juawdinba paseq-punoad [[8 sapn[ou]

juawafe Suijpusy BIBP Y} Ul PIPN[dU] A8

9D1A9D 1S[SSBOJI8 UIIM PI}BIDOSSB SIUDWI[I {suotysindwiod Jo/pus 3uisuag
*UO1}0UN] }SISSBOIIR JO IDIAIP AU} YIM pajvioosse jioddns pue ‘suoisiaoad
‘suisjuByodw Jaylo [{8 S8 [[om sB ‘JoAnoUBWIOIIB 22U} YlIM PI)IBIDOSSE
uof}o9joad [BWJIAY} ({8 PuB AINDNAS Kiepuooas pue Kiewiad sopniout
siyl -odaydsowie oyl y3noayj IOIUIA Y} 91819[209p 0} Pasn IDIAIP PU
-moq snid 3vap 10 Ajuo 3uap 8 jo SaljquIIsSSE pus® SjUdWa[d [[8 O} 549J3d SIY]L,

‘juawafd S1Y} Wodj papn[oxa aJje pus
walsAsqns 18Y) UIYIIM papn[aul aJe wolsAsqns Jayjous jo jusduodwod ¥ jo
jaed juaJayul ue 38 YIyMm suoisiaodd JO SIDIASP [041U0D [BWJaY], *S3DIAP
pue safexoud Jamod [B8D14103[3 puB SOIUOIAB jo (onissed pus 9A[108 Yioq)
{0J1uU0D [BWJIY} S¥ [[9M SB ‘(auan ‘a3and ‘uorjeinsut) ‘swa}sAs palvlOOSSey
pue a38juBl JO [0JIUOD [BUIIAY] JOJ SIUIWID 3JB papniou] ‘wdishs ALO
2y}l UIYIM JoJsusd} 1B3Y JO [0J3U0D 0} PIIB[AI sjuawagad [[8 0} SI3J3d SIYL

NOILINIZdd

- 0008

juawdinby
j1oddng punoan

SUOIS|AOJ 1SISSBOIDY

{0d3U0) [BWJIAY,],

NOILVNDISad

(panupuo)) SNOILINIZAd LNAWHATE ALO -7°¢ A'1dVL

1-20-10-

11-20-10-

01-20-10

YAdWAN LNIWATI

34




D180-29108-5

*00-20-10- yUaWId ‘waishs pajeadajug | a3elg
3y} Aq paujjop sB sjuawa[d ay} jo [{8 sapnour }| -waisks ALO dy} jo

29e1s puooas ay} YiIm pa}BIDOSSE S3{}1IUd Y] JO [[B 0} SIJaJ JUAWI[D SIYL

*(Aum j1) suoisiroad 31qa00p pue ‘uo(}8vIUdWNIISUY
‘Butaim  ‘swisjuBydow  ‘98exue}  ‘aanjondis  Aaspuodas pus  Asswirad

Buipniou; ‘waisAs yuey AJeiIXne ay) JO SIUAWI[3 [{B SIPN[OU] JUBUWID[D SIY,

*swaishs A LO J0] sjusanssaxd se
oM sB ‘wajshs samod [8O1I10913 3y} J0] sjuBlOBAJ pus ‘sjus{edoad oajuod
uo1198aa ‘sjyusfadoad auiBus uisw Buipniouy ‘adwis ALO 34l jo uojjeiado
ayy J0) paainbaa sjuejosaa pue sjus[adoad (e sapn[oul JUIWIA S[Y,

*SUO|}BPOW BI0DDB F__o_::m aowuds J0 juawdinba jzoddns
2uJO0qJiB SB paulJap sudwId 3Isoyl Buipnioxa ‘suojisiado pus A[quiasse
}iqio-uo 3upanp adels ALO 3yl jroddns o3 paainbaa macoEBo‘:a sapnou]

*308JJ3jul

[89{4)03[3/PIN[J 3y} U} S}O3UUOISIP [BII[IqUN pus ‘aoBjIajul sojuoiAs ‘adand

Kayuaaa ‘yaoddns uorsuajxa/uoijosaiaa ‘uorydaosqe K3ioua pus judwudi(e

‘suotsiaoad jJoqe ‘d[3Inys pue ALO 34} jo 3upjdopun/3upjoop [euoijsiado

Joj juawdinba ayj sy papniou] 3} woJaj aisaedas pus ‘Yyym Nujl ‘arlInys

ayl yum ALO 9Yy) 28w o0} paainbas juswdinba ayj sapniouj a:eio_o sjulL
NOILINIAdA

- 0002

11 ?adeig 00-€0-10-

sque, AssiIxny 91-20-10-

sjue[[adoad S1-20-10-
jyuawdinby

yioddng aoedg ¥1-20-10
judwdinby

ja0ddng auioqaiy €1-20-10-

NOILLVNDISad YAdWNN INIWATA

(panuiluo)) SNOLLINIAAA LNAWA'TA ALO 2-2°€ d'1dV.L

35



D180-29108-5

‘wajsAs ayy jo yuauodwod
10 2981s yowa o} anbiun sjuowa[d@ aJe papnidul JON °suoijesado uoissiw
10 ‘suoirjwaado ydi[y ‘suorjesado 1593 yBiy Bunanp waishks pajesdajul

ALO ?a1jud ayy jo Surppuey ay) jroddns o) paainbaa sjuswa[d 03 §I3}J3J4 SIYL

*saj31j1qeded uoissiw
ufisop [swJou s31 puokaq sjuawaainbaa uoissiw anbjun 393w 031 3| Mmo[[e

0} waisks ALO 91seq 3y} 0} pappe sjusuodwiod [BuO(}IppP8 O} SI9j3J SHYJ

*waishs ALO 3y} Jo
safuls uaamiaq suoisirodd (Aue j1) Jajsusd) [BI11}103[3/818P pUB ‘swWSiUBYOIW
‘aanjonays sapnouy )| ‘uoijsiado adejis-ljnw Joj JdYjous uo 0} sodeils
ALO @idiijnw 9jew o} pasinbas juswdinba ay) 03 sI9jad WA SIYL

‘peojArd jBa0a0eds ardiy[nw ayj J1oddns o) uoliBjuUdWNJIISU| pus
‘Bulaim ‘swisjuBYOdW ‘aanidnJls sapnoul m:a ‘waishs ALO 2Ul Yiim speojhed
ardjinw youns| 0} paainbas wajsAs pus INONIIS 3y} 0} S19J3 JUBWITD SIYL

*SUO11BPOW WODD8 uol}8)s 9ouds Jo Juawdinba 1a0ddns ausoqaje
s8 pauJap sjudwa[d asoyl Auipnioxd ‘suoyjssado pus A|quiasse }jqio-uo

Suranp aoyaA pajeadajul ALO Yl 1doddns o3 pasinbaa sjuowalad [[8 SapNOU]

NOILLINIdad

- 0002

yuawdinby
11oddng punoasn

a3e1539)u]

aanjonag

Bulaaisn) peojAed

juawdinbyg
130ddng 2osdg

NOILLVNDISad

(panujjuo)) SNOILINIAAA INZWATd ALO -5t a1avl

00-80-10-

00-20-10-

00-90-10-

00-S0-10-

00-v0-10-

YAGWON LNIWATH

36




D180-29108-5

"Sa111{108] Younsj
puB uoi}Bidojul Sapn[oul 1] °SIIBWINSUOD PUB AJIBMPJRBY DPIIBIAJL PuB ALO

ay} Jo yaunej 9y} o} anbjun pus pajB[aI SA}I[108B] [[8 O} SI9J3J JUSWI2 SIYL

*24BMPpJBY
Pa18[ad-ALO J9Y10 puB ‘syuB} AJBI[IXNB ‘ALO 2yl JO Sjudwa|2d jo suo(ieiado
1591 1yS1[7 Pu 1593 Punoad yjoq Joj SI[IOB) 1S3} SIPA[AU] JUBWA[D S

*3JBMpasy
Suijaoddns pajead ALO Joj sB [[9m se ‘sju[[adoad pus FSY ‘sjue)

AJBi{xne ‘ALO 3y} Joj s3lliioB) 3ulinjosjnusw SIPN[OUl JUBWIR SIYY,

*judwaia joafoad

uo1}81g 298dg 9y} uj papnjouy aae uol}slg 208dg 9yl je saljfoey “3uiuies)
pue ‘[oajuod uoissjw pue youne| ‘Suiisa) ‘Buianidvjnusw Joj SIIM[I08]
apnjoul asayj, ‘waishs ALO 3yl jo suoileiado uoissiw pue ‘suoijerado
1y311y ‘suoiivaado 3593 Iuydiy Joj Aaessaddau SI1}[108] [[8 O} SIIAI SIYJ,

*Su01}1849d0 J9ANIUBWOIIB JOJ PUB 3DBJIIIU| B[1INYS/ALO J0] S8 [[2M §B
‘suojyeaado 31qI0-uo AJLO 10j paJinbaa 31BM1JOS [[8 JO §ISISUCD JUIWA[D SIUL

NOILLINIddd

- 000¢

younerg

159],

Bupanjosjnuep

sa1)[108 ]

alemljog

NOILVNDISad

(penuiuo)) SNOLLINIZAA LNANWATE ALO 2-¢°¢ A'THV.L

00-£0-20

00-20-20

00-10-20

00-00-¢0

00-60-10-

HIHNAN LNIJWATd



D180-29108-5

sfopow pus ‘sdnyoow ‘saauied) dduBUIUIBW
pus [euoijeiado ‘saif[oe} uollB[NWIS SIpNOUL  SIY, *suoj}Biado
pus suoissiyl ALO 9y} jo 3zoddns uy Bujuiedy Joisiado uolssjw pue

‘Mado punoad ‘maad iy o) Afeoyjioads paainbaa sa131[108] 0} 51934 SIY, Buyuea],

*9A31d}9d 0] YDUNB[ WOJJ ‘SIUsWa[d PalB[al pus ALO 24}
jo uoryeaado pue [0JJUOD UOISSIW JOJ P3JINDaJd Salli[198) [[8 0} 513334 WYL, [043U0)) UOISSI
NOILLINIddd NOILLVNDISdd

- 000¢
(penujiuo)) SNOLLINIAZd LNAWATE ALO ¢-3°¢t ATV

00-S0-20

00-¥0-20

YAGWAN LNIWATH

38




D180-29108-5

*juawdinba Bujpusy Jo
SuID1AI9S SIPN[OXD JNq ‘SWISIUBYDIW JUBWYDBIIB AJLO Pus ‘uof1dajoad stigap
‘{023U0D [BUIIBY} ‘100D ‘2an}oNnJls sapnioul siyl, *ALO 24l jo 33eJ0)s JoJ

Aeo1j109ds paudisap as3usy 9y} yiyim paisloosse dJBMpIBY [[8 0} §J9J3Jd SIY,

*ALO 32U} Y}IM palBloosse
juawdinba aayjo jo a3eJ01s pus ‘a3ea0]s Nuey AlB{{IXne 2884018 ALO

J0j uoi}elg 20vdg 9y} 18 saB3uBY YI|M PIIBIDOSSB dIBMPIBY 0} SI9JaJ SIY],

*suo11833do A LO 3uijaoddns jo arqeded wayj aysu o} ‘Juasaid Apeade

swo)sAsqns uof}vlg 208dg JO SJUAWIZIV[UD puUB SUOEIBIJIPOW SIPN[dU]

‘uoryeaado A JO 40) A18SS2I3U 348 YOIym u0}}1BIg
20uvdg pauusw B woJdj djsaedas wJiojiv(d 8 Jo SIUdWI[I [[8 O} SIIJ3J SIY,

suojjeaado A LO
Supjsoddns jo A3jjiqeded apiaoad o) juasaad Apealie aIBMpJBYy pajBldOSSe pus

uor}e)}g 3oudg ‘70 SUO{IBDIJIPOW JO ‘0) SUOIIIPPE [[B O] 519J3d JUIWI[I Y],

NOILLINIZdd

- 000¢

Js3usy ALO 00-10-%0
suia3sAg 188usy 00-00-20
SUOJ1BDIJIPON UO11BIS 00-20-10
wJaoji8(d juapuadapul 00-10-10
SUOI}BOLJIPON
pus suoy}ppvy
uo1}B)g 9oedg 00-00-10
NOILVNDISdd UAGWNN LNIWATI

NOILINIAdd LNAWATd AUVMAYVH SNOLLVAOWKNOIJDV NOLLVLS 30VdS €-¢°¢ d'14VL

39



D180-29108-5

*$901A9p 3upJojjuow pue [0JIU0D
S8 [[9M S8 ‘S30BjJJajUl PUB ‘S[BIIjIqWN ‘s}uB) 28uva03s ‘sduind ‘sauy] sapnjoul
1] °siuvjosal pue sjusjiadoad pinbyy samod [B8D14309]9 pue AJejixne ‘uisw

[[® jO J9jsuBJ} pue a38IOIS YIIM PIIBIDOSSB 2IBMPIBY ({8 03 SI9J3J SIY,

*s9s8d uojjezjanssaad

S8 [[9M S8 ‘sjuB}0BaJ pus sjusjadosd Jamod (80141033 pus ‘Aaej{IxXne ‘ursw
118 Buipniouy ‘sased pue sjus[[adosd paIB[aJ-ALO (I8 JO ‘I2jsusd} 3uipniout
" ‘3uypusy pus 288403S Y} Y}IM PI]BIDOSSB JIBMPIBY [[8 SIPNTOU] SIY,

*s31) uBiy pue “yuauwdinba Surpusy azempasy ‘syun
juawaourdad [811GI0 ‘9)BIqOJIR ‘saaeds auldua jo adeiols J0oj suojsjroad
aJe papniouj *waisAs Jedusy 2yl Jo 1aud se sie3usy apisuy juawdinba

pus saaeds pajs[ai-ALO JO 298401s 10} suoisiaoad [[8 0} §39J3d SIUJ,

*juawdinba 8uijpusy Jo 3ujdiAIaS SAPNIXI INq fuogjoayoad
S1IGap puev ‘[0JIU0D [BWJIY) ‘2IN}ONJIS SIPN[DUY I °IISRUBY B JO S}UB]

jusfedoad Aasijixne A LO SulJois YiimM PIIBIOOSSB aIBMPJIBY 3Y] SIpN[dUl SIYL

NOILLINIZAd

- 000¢

Jajsued)} pus

93sJ01g PINA

walsAg
A1ddng jusfjadoag
SuoIsjA0dd 9384018

Js3uey

jNuev], AJeyixny

NOILVNDISAd

00-10-€0

00-00-€0

00-£0-¢0

00-20-2%0

HAGWNAN LNAWATE

(penupuo)) NOILINIAAd LNAWA'Td 34 VMAUVH SNOILVAOWWOODDV NOILLV.LS HOVdS €-2°¢ 219Vl

40




D180-29108-5

*sisduBy
Jo apisino juswdinba Suifpusy pue ‘s[00} ssoauds ‘syun juawaosidal 103
uoisiroad 238101s s9pNOU 3] -s183uBY Ul PAJIOIS 18U} UBY} J3YJ0 juawdinba
pa18ad-ALO JO 238J01S UM p2}BID0SSB 31BMPJBY [[B 0} S19)3d Syl
_.m:o:o::u uojje)g 3oedg J8y3jo 0} uowwod juswdinba sy papniout 10N
*3ud1Ad9s ALO wdojaad 0} KIessadau s[00} djowal pus pusy [[8 S8 [[9M SB
¢[8914109[3 pus ‘Juiydi ‘seaowvd sapnioul siUL *aJempasy pus swo1sAsqns
pale[ad [[8 pus ALO 34} JO juawysigqiniad 10 ‘yuawaoe(daa ‘ajedal ‘@o|AIas
‘uoyjoadsut 10} paainbaa juawdinba pus s[00} [[8 SapN[OU} JUBWI[A SIUL
*suojjoun} uoilelg aovdg Pa}e[ad-uoU 0} UOWUI0D FIUIWI[D
248 papn[ouj 10N °dJempJsy ji0ddns pajeraa (8 pus ‘sa[osuod [0J3U0D
‘S301A9P JUIBJI]SA 1NBUOJ}SB ‘S10}D9}}d pud ‘saoys(ndiusw aJe papnidou]
-uoyye}g 208dg By} I8 SIULWIR pa18100SS®8 S| puB ALO 3u} Jo Suypusy J0J
popaau $24n}aNJ1s pus ‘swsiusyodW ‘s[00} [8103ds [[8 0} SI9Jad JUIWI[ Syl

-sao1A2p Sugojuow puB [0JU0D S8 [[3M §B ‘s2083J93U}
pue ‘sduind ‘sreotjiquin ‘saul] sapniouy 1| -sa583 jjo-{ioq pue jusanssaad

[{e JO d9jsusd) pue 338J031S YIiM pa18100SS® aJ8MpJIBY [[8 0} 542394 SIY],

NOILINIZdd

- 000¢

a8sJi018 00-00-90

juowdinbg aoiAIag 00-00-50
yuawdinby

Suijpusy aJ8MpJIBH 00-00-¥0
Jajsued],

pue 3dsJ01g S8D 00-20-£0

 NOILVNDISad HAAWNAN LNIWATH

(penupuod) NOILLINIAAA INAWA'Td d4VMAQUVH SNOLLVJOWW

000V NOILV.LS 30VdS €-%°¢ 4749V

41



D180-29108-5

This page intentionally left blank

42




2.

4.

6.

D180-29108-5

4.0 REFERENCES

Report No. D180-26090-1, Orbital Transfer Vehicle Concept Definition Study,
Boeing Aerospace Company, Contract NAS8-33532, 1980.

Report No. GDC-ASP-80-012, Orbital Transfer Vehicle Concept Definition Study,
General Dynamics Convair Division, Contract NAS8-35333, February 1981,

NASA Contractor Reports 3535 and 3536, Future Orbital Transfer Vehicle Tech-
nology Study, Boeing Aerospace Company, Contract NAS1-16088, May 1982.

Report No. GDC-SP-83-052, Definition of Technology Development Missions for
Early Space Station, General Dynamies Convair Division, Contract NAS8-35039,
June 1983.

Report No. D180-27979, Systems Technology Analysis of Aeroassisted Orbital
Transfer Vehicle Low Lift/Drag (0-0.75), Boeing Aerospace Company, Contract
NAS8-35095, 1985.

Final Report, Orbital Transfer Vehicle Launch Operations Study, Boeing Aerospace
Operations, Contract NAS10-11165, January 1986.

Report No. D524-10005-3A1, Space Trénsportation Architecture Study, Interim
Report Set III Vol. I, Boeing Aerospace, Contract F04701-85-C-0156, June 19886.

43



